A method for calculating transformer comprehensive risk is proposed according to the operating conditions and associated risks of transformers in this paper. Based on the contingency analysis, a method for dynamic comprehensive evaluation of transformers is established. Considering the temperature rise of transformer winding and oil temperature, a life aging model based on hot spot temperature rise is constructed, then the accelerated deterioration factor is obtained. Based on the contingency analysis, a method for dynamic comprehensive evaluation of transformers is obtained. Collecting the failure rate of the transformer and the loss associated with the equipment is used to estimate the associated risk of the transformer. Finally, under the premise of operating condition correction, the quantitative assessment of transformer comprehensive dynamic risk is given based on the transformer risk loss and the associated risk loss. The effectiveness and reliability of the proposed method are demonstrated by the analysis of an example.
INTRODUCTION
As time increases the transformer will continue to deteriorate, and its running state will continue to change. To analyze the risk of power transformer operation, it is necessary to analyze the operation failure rate of power transformer under running condition [1] [2] [3] . Transformer failures mainly come from two kinds: slow developing latent faults and sudden faults caused by random events [4] .
But the main reason of transformer failure is increased with the time of equipment operation period. The deterioration of the insulation performance of the transformer leads to the gradual development of the inner latent faults until the design performance is lost. The probability of sudden failure caused by random events is very low, and relatively slow developing latent faults are less common in overall risk, and the it is difficult to analyze and evaluate the risk assessment, so the risk assessment of this chapter aims at the comprehensive assessment of transformer risk under state degradation.
QUANTITATIVE SOLUTION OF TRANSFORMER COMPREHENSIVE RISK BASED ON CONTINGENCY ANALYSIS
In the event of a contingency, the risk component of the transformer includes loss of body risk due to failure, and system association risk due to equipment failure or outage [5] [6] [7] . The calculation formula of transformer comprehensive risk is shown in equation (1) .
Where Rt is the transformer comprehensive risk, Pf is the equipment failure rate, Re is the transformer body risk, Rr is associated system risk arising from loss of load due to unplanned outage of transformers. The change carve of the fault rate and the transformer's health state is shown in Figure 1 .
Risk analysis of transformer
The economic risk of transformer in the corresponding risk model can be quantified according to the standard calculation of risk loss of transformer risk model. The calculation formula of its economic risks is shown in equation (2) . Where Pf is the transformer failure rate, S is the importance coefficient according to the transformer substation, MI is the maintenance costs used for the repair of transformer failure in risk mode in.
The operation risk modes of transformer are divided into normal, abnormal operation, partial outage, complete outage and damage in this paper. The risk modes of transformer are mainly influenced by the fault modes and fault location. Therefore, the risk mode can be divided according to the difference of the fault mode and fault location based on the FMEA analysis.
Minor repair should be taken when assuming that the equipment is in the risk mode of abnormal or partially outage based on contingency analysis. Overhaul should be taken when the equipment is in the risk model of complete outage. Replacement should be taken when the equipment is in the risk model of completely damage. The maintenance cost factors α1, α2 and α3 are 0.03, 0.06 and 1.1 respectively.The maintenance cost MI in different risk modes is shown in Table  1 .
Associated risk analysis based on contingency of transformer
In order to simplify the solution, this paper assumes that the relay protection device in power network can operate normally when transformer stops running due to fault, which means that only the risk caused by transformer outage will be analysed considering the associated risks of transformer.
Where Rr is the associated risk of transformer,  is the unplanned outage probability due to transformer contingency and the values of  according to relevant experience are shown in Table 2 , REENS (Mwah/period) is the index of lack of electricity demand due to transformer outage, Left is the basis risk loss caused by loss of load, v is the load coefficient due to the loss of load caused by transformer fault. The risk value should be revised by calculating its load factor according to the analysis of the type of load failure when the transformer stops running due to the different loss under different load types. When transformer stops running after contingency occurs, which leads to the reduction of its own load. The the lack of power supply(REENS) is the index of system risk.
Where Cl(MW) is the total system load reduction caused by transformer outage, Pf is the probability of the system state, T(h) is the time of load loss of the system and its value is determined by the risk mode of the transformer.
= cos
Where SN is the rated capacity of transformer, cost is the average power factor of transformer, roll is the load factor of the transformer.
TRANSFORMER RISK CORRECTION CONSIDERING OPERATING CONDITIONS
The normal operating life of the transformer is based on the designed ambient temperature and the continuous operating conditions under rated operating conditions. The transformer will suffer a certain degree of risk when the operating conditions of transformer exceed nameplate rating. The process of its operation aging and deterioration will accelerate. The probability of transfer of running state, failure and the risk will increase [8] . Therefore, the revise of transformer operation risk based on real-time operation condition can evaluate the risk of transformer operation more effectively and objectively in the process of risk analysis based on transformer operation.
The insulation aging or deterioration process of transformer can be represented by the function of time about temperature, moisture, oxygen content and acid content, but the temperature rise of the transformer is the comprehensive effect [9] . The influence factors include its internal factors of own internal loss , and external factors of the cooling system, climate and environment during the operation, so the temperature rise can be taken as the characteristic parameters of the operating condition and reflect the comprehensive conditions in the oil immersed power transformers. Therefore, when the transformer is evaluated, the acceleration effect of the operation condition on the transformer is analyzed reasonably by analyzing the temperature rise level of the winding and the oil temperature of the transformer.
The winding hot spot temperature is affected by the environmental temperature and load levels. And considering the influence of the environment temperature and load level, the ΘH (ΘA, K) is calculated by the following formula [10] is shown in equation (6).
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Where ΘH is the winding hot spot temperature(ºC), ΘA is the instantaneous temperature(ºC), K is the load coefficient of transformer, ΔΘTO is the environmental temperature relative to the oil temperature(ºC), ΔΘH is the winding hot spot temperature relative to the top oil temperature rise(ºC), As is the sluggish ambient temperature. According to the IEEE/ANSI C57.91 (1995) guideline [14] , the accelerated degradation factor (FAA) based on the hot spot temperature rise is introduced and the formula of FAA is shown in equation (7). = exp 273 ( , ) 273
The B is similar to the constant, according to the experimental results, the value is about 15000. The ΘHref is the equivalent temperature rise (°C). Based on the accelerated degradation factor (FAA) and introducing the risk correction factor (r=1/FAA), the transformer comprehensive risk correction is shown in the formula (8) .
Considering the operating condition, the comprehensive risk of the transformer can be expressed as the formula (9) . 273 ( ,
EXAMPLE ANALYSIS
A 220kV substation in Sichuan is a terminal substation and there are two transformers running in the station, which meet the N-1 safety standards. Among them, the #1 main transformer was put into operation in March 2002 and its preventive test data is shown in the following table 3. After the fault diagnosis, the transformer has the fault of the low temperature overheat and discharge. Through the analysis of the preventive test data, it is known that the winding DC resistance increases abnormally and the temperature rise of the top oil temperature is obvious. And it can be deduced that the discharge defect and corresponding heating phenomenon happened in the transformer Tap-Changer. The transformer is in the mode of partial outage risk.
The state evaluation of the transformer tap changer is carried out, and the result is t=58.6. The transformer failure rate 0.803. The transformers in the risk model needs the small-scale fault repair, and the substation is terminal substation, that is S= 1. Therefore, the transformer risk (Re) is 4.0953 * 105(Yuan). When the transformer happened the contingency, which caused the non-planned outage, thesis equal to 0.05, the expected energy not supplied (REENS) is equal to 2012.1MWh, and the transformer load-loss factor (V) is equal to 1.68. In 2011, China's GDP was 47.2882 trillion Yuan [11] , and its electricity consumption in 2011 was 469.28 billion kWh [12] , so the Left is equal to 10077 (Yuan /Mwah). According to the formula 3, the risk of load-loss caused by transformer fault (RR) is equal to1.73×106 Yuan.
Based on the calculation of the transformer temperature rise level, the correction factor (r) of the transformer risk is 6.38. According to the formula 9, the transformer integrated risk (Rat) based on contingency analysis is 146.376 Yuan.
SUMMARY
The paper is based on the real-time operation state of transformer, and analyzing the influence of operating condition on transformer risk, introduces the correction factor of the transformer risk based on the temperature rise level of the operation. And the paper proposes the comprehensive risk evaluation method based on the contingency, and quantify the equipment risk into the economic indicators through the standard cost model, so as to provide an objective and reasonable decision for the subsequent maintenance decision-making.
